Hemodynamic changes in TUL in patients undergoing spinal anesthesia is less remarkable and hemodynamic stability in the patients' blood pressure was greater at lateral position compared to supine position. But the patients' pain and movements were not different between the two positions. It is recommended to use lateral position in TUL. In addition, further studies should be conducted to investigate other factors such as the duration of recovery and respiratory rate in such patients.
Introduction
The prevalence of urinary tract stones is increasing worldwide (1) . Urinary tract stones are one of the most important causes of kidney failure and urinary tract congestion (2) . Ureteral calculi are important than other types of urinary tract stones in terms of the severity of symptoms and the speed at which kidney failure is developed (3) . Transurethral lithotripsy (TUL) is one of the techniques to treat ureteral calculi. This technique is widely used in urology particularly to treat lower ureteral calculi (4, 5) . In this technique, patient may undergo different methods of anesthesia and be positioned lithotomy (6, 7) . Different positions and types of anesthesia can have different effects on hemodynamic parameters and the quality of anesthesia and even lead to certain complications (7) (8) (9) . Different patient positions are used in urology surgeries. For example, lateral position enables anesthetists to give greater sedation to the patients and to prevent the airway obstruction in some cases. Lateral position has many benefits including fewer hemodynamic complications, selective block for the limb of interest, prevention of unnecessary paralysis of the other side's limb, better movement at recovery, less incidence of urinary retention, and the patients' greater satisfaction (11) . The other position is supine. Supine is a simple position, needs no instrument, and prevents the disconnection of the tracheal tube (7) . However, these positions may cause certain complications and problems depending on the type of surgery or the patient's physiological conditions, and therefore affect adversely his/her vital indices (6, 7, 11) . Unilateral spinal anesthesia is used in TUL. Depending on the type of position, this technique can lead to several complications such as bradycardia, hypotension, and decreased level and rate of nerve block (12, 13) . Besides that, a suitable position is effective on the patients' quality of vital indices during and after the surgery.
Objectives
Spinal anesthesia at supine position is conventionally used to conduct TUL, but regarding the benefits of spinal anesthesia at lateral position, we conducted the current study to comparatively investigate the possibility of this technique, the quality of anesthesia, and hemodynamic changes in supine and lateral positions in patients undergoing TUL.
Patients and Methods

Study population
In this double-blind clinical trial, 76 patients from those candidates for TUL referring to the urology ward of Kashani hospital, Shahrekord (Iran) in 2014 were selected by convenience sampling. The inclusion criteria were being candidate for TUL, fulfilling the criteria of American Society of Anesthesiology (ASA) class I and II, being 20-65 years old, and volunteering to participate in the study. The exclusion criteria are suffering from underlying disease, being at high risk, taking anti-coagulant drugs, infection at injection site, deformation, history of spine surgery, history of sensitivity to local anesthetics, and incidence any complications during surgery. All patients were administered with 2 mg midazolam prior to being anesthetized with hyperbaric bupivacaine 0.5%. To conduct hydration, 500 cc of Ringer's lactate solution was infused to the patients on an operating table before conducting anesthetic nerve block. The anesthetic was injected by an anesthetist using a spinal needle (Quincke 25G) through L3-L4 or L4-L5 spinal segment. The patients were randomized to two groups of 38 each; supine spinal anesthesia and lateral spinal anesthesia. Group 1; in the lateral group, the patients were spinally anesthetized as they were positioned lateral (the side that the stone had been detected in the uterus). Ten minutes later, the patients were positioned supine and TUL was performed. Group 2; immediately after injecting the drug, the patients were spinally anesthetized in sitting position and then immediately positioned supine. In all patients, the level of selective anesthesia was considered T8-T10 that is necessary to conduct TUL (14) . Information such as age, gender, substance abuse and comorbidity, surgery length, the location and the position of the stone in the ureter, American society anesthesia class, the length of nerve block, and the percentage of changes in blood pressure and heart rate was recorded in a checklist by an anesthesiology technician who was blind to the patients' grouping. In both groups, the severity of pain was measured by visual analog scale (VAS), and five minutes before inducing spinal anesthesia, the patients' blood pressure and heart rate were measured and considered to be baseline blood pressure and heart rate. In addition, 1, 5, 10, 15, and 20 minutes after bupivacaine administration, systolic and diastolic blood pressure (SBP and DBP, respectively), mean arterial blood pressure, and heart rate were recorded using the operating room monitoring system. When SBP decreased to less than 25% of the corresponding value before anesthesia, the patient was intravenously administered with 5 mg ephedrine, and when pain was developed during surgery, they were administered with 3 μg/kg fentanyl.
Ethical issues
1) The research followed the tenets of the Declaration of Helsinki; 2) informed consent was obtained and 3) This study was approved by the Ethics Committee of Shahrekord University of Medical Sciences, Shahrekord, Iran (91-4-16 and proposal #1151).
Statistical analysis
Data analysis was conducted by SPSS 22 using mean (standard deviation), relative frequency distribution, independent t test, Mann-Whitney U test, Spearman's correlation coefficient, Chi-square test, Kruskal-Wallis test and repeated measures ANOVA and P value below 0.05 was considered significant.
Results
The age range of the patients in the lateral and supine groups was 20-50 (mean: 39.6 ± 8.9) and 20-62 (mean; 38.5 ± 10.25) years, respectively, with no significant difference according to t test (P = 0.626). Therefore, the two groups were matched for age. Table 1 shows differences in other variables between the two groups and summarizes data on hemodynamic parameters through the study. According to Table 1 , SBP was significantly different between the two groups at 5, 10, 15, and 20 minutes after inducing anesthesia (P < 0.01) such that SBP at 5, 10, 15, and 20 minutes after inducing anesthesia was significantly lower in the supine group than the lateral group. The corresponding difference was not statistically significant between the two groups five minutes before anesthesia and 1 minute after anesthesia (P > 0.05). DBP was also significantly different at 10, 15, and 20 minutes after inducing anesthesia (P < 0.01) such that DBP at 10, 15, and 20 minutes after inducing anesthesia was significantly lower in the supine group than the lateral group. The corresponding difference was not statistically significant between the two groups five minutes before anesthesia and 1 and 5 minutes after anesthesia (P > 0.05) ( Table 2) . Altogether, repeated measures ANOVA indicated a significant trend in SBP through the study (P < 0.05). Besides, this test indicated that the trend was significant in both groups (P < 0.05) (Figure 1 ). Altogether, repeated measures ANOVA indicated a significant trend in DBP through the study (P < 0.05). According to this test, the two groups had significantly different trends (P < 0.05) ( Figure 2 ). As Table 3 indicates, heart rates/minutes was not significantly different between the two groups at the studied intervals (5 minutes before anesthesia and 1, 5, 10, 15, and 20 minutes after inducing anesthesia (P > 0.05). Besides, MAP was significantly different between the two groups at 10, 15, and 20 minutes after inducing anesthesia Figure 1 . Patients' systolic blood pressure in tow groups during the study.
(P < 0.01) such that mean arterial pressure (MAP) at 10, 15, and 20 minutes after inducing anesthesia was significantly higher in the lateral group than in the supine group. The corresponding difference was not statistically significant between the two groups 5 minutes before anesthesia and 1 and 5 minutes after anesthesia (P > 0.05) ( Table 3) . Group 1; lateral, group 2; supine, a first; 5 minutes after inducing anesthesia, b second; 1 minute after inducing anesthesia, c third; 5 minutes after inducing anesthesia, d fourth; 10 minutes after inducing anesthesia, e fifth; 15 minutes after inducing anesthesia, f sixth; 20 minutes after inducing anesthesia. However, repeated measures ANOVA indicated no significant difference between the heartbeat trend of the two groups (P > 0.05; Figure 3 ). According to repeated measures ANOVA, the trend of MAP was significantly different between the two groups (P < 0.05; Figure 4 ). The range of surgery length in the lateral and supine groups was 5-35 minutes (mean: 14.9±7.2) and 7-38 (mean: 15.6 ± 6.6) minutes, respectively, with no significant difference between the two groups according to t-test (P = 0.64). In the lateral group, 28 (73.7%) people had no movements during the surgery and 10 had movement during surgery.
In the supine group, 27 (71.1%) people had no movements during the surgery and 11 had movement during surgery. According to chi-square test, there was no significant difference in movement during surgery between the two groups (P = 0.79).
In the lateral and supine groups, according to the VAS, the range of pain was 0-3 (mean: 0.66 ± 0.99) and 0-4 (0.92 ± 1.19), respectively, with no significant difference between the two groups according to Mann-Whitney U test (P = 0.37). In addition, there was no significant association between Spearman's correlation coefficient and surgery length (r=0.044, P = 0.707). According to Kruskal-Wallis test, pain severity and the location of stone in the ureter were significantly associated (P = 0.006) such that in patients with upper ureteral calculi, the mean severity of pain was 1.2 ± 1.2, In those with median ureteral calculi, the mean severity of pain was 0.60 ± 0.94, and in those with lower ureteral calculi, the mean severity of pain was 0.26 ± 0.65.
Discussion
The present study was conducted to compare hemodynamic changes, movements, and pain in TUL between lateral and supine positions. A few number of studies have yet been conducted on the types of positions and hemodynamic parameters in patients with kidney stones. The present study demonstrated that in lateral position, the patients' blood pressure decreased less frequently and had a relatively stable trend. However, there was no significant difference in the patients' heart rate between the two positions. A study to investigate prone and supine positions in percutaneous nephrolithotomy demonstrated that in supine position, hemodynamic changes were less remarkable and therefore supine position was better for this therapeutic procedure (15) . In cesarean section, changes in blood pressure were investigated in women undergoing spinal anesthesia at different intervals. In these women, bupivacaine was Figure 3 . Patients' heart rate in tow groups during the study Figure 3 . Patients' heart rate in tow groups during the study.
used as anesthetic, and decline in blood pressure and its changes in lateral position were less remarkable than those in the sitting position, and patients in this position had more stable hemodynamic parameters (16) . The findings of the current study demonstrated that there were no significant difference in movement, surgery length, and pain between the two positions. Gokce et al compared staghorn stones between supine and prone positions and found no difference between the developed complications (17). Zhan et al also reported that the complications were not significantly different in prone and supine positions, but nephrolithotomy was conducted within a shorter time in supine position (18) . A study demonstrated that the duration of percutaneous nephrolithotomy at supine position was significantly shorter than that at prone position. In the current study, supine position was concentrated on because of better urethral accessibility (19) . Karimi et al compared lateral, supine, and prone positions in percutaneous nephrolithotomy. They found that supine and lateral positions were two effective methods in this type of surgery with both shorter length of surgery and fewer complications for the patients (20) . However, another study demonstrated that, out of the studied variables, only surgery length was shorter at supine position, and the two positions were somehow similar for kidney stone surgeries (21) . This inconsistency in the findings on surgery length can be attributed to different factors such as the type of procedure and patient characteristics, health status, and pain. Lateral and supine positions are considered safe positions in kidney surgeries and therefore recommended for patients at high risk (15, 22) . The patients feel more comfortable in these positions that are generally convenient and low-risk positions (23) . However, the findings of a review of supine and prone positions in percutaneous nephrolithotomy showed that controversies over the type of position remain with no difference between these two positions (24) . The type of surgery and patient physical conditions are determinants to select the type of position. For example, patients with staghorn calculi and obese patients develop fewer complications at supine position (25) . In addition, other studies indicated that urologists should select the type of position according to the patient's conditions (20, 23) . In this study, in TUL the patients' blood pressure was more stable at lateral position and therefore this position can be considered a suitable position for patients undergoing spinal anesthesia.
Conclusion
Hemodynamic changes in TUL in patients undergoing spinal anesthesia is less remarkable and hemodynamic stability in the patients' blood pressure was greater at lateral position compared to supine position, but the patients' pain and movements were not different between the two positions. It is recommended to use lateral position in TUL. In addition, further studies should be conducted to investigate other factors such as the duration of recovery and respiratory rate in such patients.
Limitations of the study
This is a preliminary study conducted on a limited proportion of patients. This study requires further investigation on larger samples.
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